Ligand binding and activation of UTP-activated G protein-coupled P2Y2 and P2Y4 receptors elucidated by mutagenesis, pharmacological and computational studies.
The nucleotide receptors P2Y2 and P2Y4 are the most closely related G protein-coupled receptors (GPCRs) of the P2Y receptor (P2YR) family. Both subtypes couple to Gq proteins and are activated by the pyrimidine nucleotide UTP, but only P2Y2R is also activated by the purine nucleotide ATP. Agonists and antagonists of both receptor subtypes have potential as drugs e.g. for neurodegenerative and inflammatory diseases. So far, potent and selective, "drug-like" ligands for both receptors are scarce, but would be required for target validation and as lead structures for drug development. Structural information on the receptors is lacking since no X-ray structures or cryo-electron microscopy images are available. Thus, we performed receptor homology modeling and docking studies combined with mutagenesis experiments on both receptors to address the question how ligand binding selectivity for these closely related P2YR subtypes can be achieved. The orthosteric binding site of P2Y2R appeared to be more spacious than that of P2Y4R. Mutation of Y197 to alanine in P2Y4R resulted in a gain of ATP sensitivity. Anthraquinone-derived antagonists are likely to bind to the orthosteric or an allosteric site depending on their substitution pattern and the nature of the orthosteric binding site of the respective P2YR subtype. These insights into the architecture of P2Y2- and P2Y4Rs and their interactions with structurally diverse agonists and antagonist provide a solid basis for the future design of potent and selective ligands.